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INTRODUCTION


In the redwood/Douglas-fir region of Northern California there is a lack 

of info rmation on the po tential benefi ts and costs to society stemming from 

the adoption of alternative silvicultural prescriptions for forest management. 

Long-term grow-th data are not available documenting differences in produc

tivity associated with different management strategies. This knowl edge gap is 

particularly im r-o rtan t to the small private landowner and general public wTIO 

need specific quantitative information and examples of al ternative approaches 

to guide decision making. 

The small forest landowner commonly needs guidance on three major issues:


1)	 v.'hatare the effects of choosing alternative residual growing stock lev


els representing light to heavy harvests?


2 )	 what are the effects of reaching a given level of residual grow~ng stock


by alternative silvicultural prescriptions?


3)	 \vhat are the effects of varying decisions on residual growing stock and


silvicul tural presc ription on biological productivity, value and cash


flow, and site disturbance?


The study was implEmented in the Summer of 1983. Details on the metho


dology and resul ts are available in a f/1asterof Forestry Professional Paper by


Clifton Kennedy, 1983, Forestry Library, Department of Forestry and Resource


!4anagement, U. C. Berkeley.
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STUDY OBJECTIVES


The	 three specific study objectives (revised, Jan. 1983) were: 

1.	 To quantify the relationship between level of stocking and stand growth. 

2.	 To evaluate financial costs and benefi ts of al ternative sil vicul tural 

strategies. 

3.	 To quantify the effects of al ternative sil vicul tural presc ripti.ons on 

understory growth and soil surface displacement. 

METHODS


1. Location: The study was located on 260 ac in Rail road Gul ch, Jackson 

Demonstra tion Sta te Fo rest (Figure 1). This area was selected because it was 

readily accessible to the public, and because the medium-quality of the forest 

stand most closely approximated that of small private ownerships. The area is 

about 5 miles from the coast, has an elevation of 180 to 880 feet, and slopes 

varying up to 80 percent. Soils are of the Hugo Series, and are gravelly to 

sandy clay loarns 3-5 feet deep. Vegetation consisted of c 1umps of 55-60 

year- old redwood in term ix ed with Douglas-fir, grand fir, tanoak, and lesser 

arnoun ts of associated species. 

2. Study Design: Thirteen 20-ac and one 10-ac study plots ,.lere established 

(Figure 2) . One 20-ac and one lO-ac plot were selected as controls and the 

remaining 12 plots assigned treatments. Plot size was chosen to prov id e an 

ad equa te area for the demonstration of al ternative unev en- aged stand struc

tures. 

Four	 levels of residual growing stock level were tested in v 01v ing the 
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removal of approximately 20, 30, 40 and 50 percent of existing basal area. 

Three uneven-aged structures were evaluated: single-tree selection, group 

selection, and a combination prescription involving group selection and thin

ning between the groups. The three methods were chosen to create qui te dif

ferent stand structures. They vary in difficulty of implementation, and in 

resulting growth and developnent of trees, sprouts and understory. 

Treatments were allocated as shown in Figure 2. Table 1 lists the treat

ment characteristics. 

Table 1: Treatment Area Characteristics 

Treatment Area Presc ription 
0-1 Control 
1 -1 Indiv. Tree Selection, remove 30% BA 
1-2 remove 40% BA 
1-3 remove 50% BA 
1-4 remove 20% BA 

2-1 Group Selection, remove 30: BA ..2-2 remove 40% BA 
2-3 .. 

rem ov e 20% BA 
2-4 remove 50% BA 
2-5 Control 

3-1 Group/Individual, remove 30% BA 
3-2 .. remove 40% BA 
3-3 .. remove 50jf BA 
3-4 .. remove 20% BA 

3. Inventory: A random-systematic inventory was done at 10 percent sam pI ing 

intensity (20 plots per treatment area). Circular plots were 1/10 ac in size. 

Minimum-sized trees measured were <2 in dbh for conifers and >4 in for ha rd

woods. Trees were numbered ...i.th aluminum tags. Measurements taken were dbh, 

live cro.'ll ratio, 5- and 10-yr radial growth at breast height, and height to 

the nearest foot on 8 trees per plot. A total of 260 permanent plots were 

established and 8000 trees measured. 
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Site indexes for redwood and for rouglas-fir were obtained by measuI' ing 

height and breast-height age on 2 dominant trees of each species on each plot, 

(Krum land and Wensel, 1977). 

Within each plot, three 1/100 ac plots were established to record PI' e s

ence, abundance, cover of understory species, and ground cover disturbance. 

Within each treatment area 6-8 permanent photo points were established to 

record the development of vegetation over time. 

4. Prescriptions: To control the structure of regulated un ev en- ag ed stand s 

it is usual to define the number of trees to be present in each diameter class 

in terms of an inverse J-shared curve. The position and slope of the curve 

'..i thin its axes is controlled by three parameters: 1) the largest tree size to 

be retained. Using a criterion of that sized tree wTIich will maintain a 6% 

val ue g rowt h rate, the largest-sized tree was calculated to be 34 in dbh for 

both species. 2) diminution quotient. This quo tient determines the slope of 

the diameter distribution curve. A "q" factor of 1.2 was chosen based on pre

vious work done in coast redwood and mixed conifer forests (Adams 1980, Al den 

1977 ) . 3) residual growing stock. .Four levels of cut were identified in the 

treatments. These three parameters id entify the position of the desired fre

quency distribution of diameter classes. The difference between existing and 

desired distributions identifies the ideal numbers of trees that sho ul d be 

harvested in each diameter class. 

Species composition was maintained at current levels - red wood 68 per

cent, Douglas-fir 22 percent, and tanoak 10 percent. 

As shown in Figure 2, the shad ed area above the road vias harvested by 

cable, and the area below the road was tractor-skidded. 
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a) Ind iv id ~l Tree 2el ec tion 

Trees were marked for harvest to bring the existing stand tOvlard s the 

desired distribution of d ifull eter classes for each level of resid~l basal 

area. In anticiration of harvesting damage, marking for harvest was red uced 

by 7 percent to allow for removal of non-marked trees that were anticipated to 

be damaged during falling and skidding operations. The hardwood component was 

not inc1 ud ed in the mark. The objective ..ms to develop a stand of evenly

distributed, high-quality trees. As far as possible, trees marked includ ed 

tho se which were of poorer ,!uality. It was recognized that trees marked for 

cutting had to be merchantable and carable of being safely felled from wi thin 

a clump. 

b) Group Selection. 

To achieve the desired residual growing stock levels, between 8 and 20 

1 /2 ac groups were cut within each treatment area. The number of groups cut 

reflected the proportion of basal area to be removed. Group cuts were distri

buted evenly within each treatment area except for avoiding unstocked areas. 

c) Group/Individual Tree Selection. 

Within a given treatment area, half the basal area needed to be rem ov ed 

to achieve the desired level of residual growing stock was removed by group 

cuts and the other half was removed by individ~l tree selection between the 

groups. 

5. Determination of Harvest Levels and Growth Projection 

Determination of harvest levels and growth projections were made using 

the CRYPrOS red wood/Douglas- fir growth mode1 (Krumland and 1tiensel, 1982). 
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This distance-inderendent tree model is based on data collected throughoat the


north coast region. A comparison of basal area growth from the stady area 

wi th tha t util ized wi thin the model showed that the model over- estimated 

growth in this specific area by 25 percent. Consequently the model was cali


brated to the stady area by redacing projected growth by 25 percent.


RESULTS


1.
 I nven tory S amIr.ary


Table 2 provides a comparison of stand characteristics of each treatment


area.


Table 2:

I nven tor}: Summary ..El T rea tmen t A rea


Treatmen t dbh Trees 
~A 

Vo 1 am e Site (50 yr) Area

Area ( in) lac (ft lac) (bd ftl BC ) DF Redwood (ac)

1-1 15.2 234 293 57,630 142 121 21.8

1-2 17.4 218 362 68,840 134 109 20.0

1-4 15.3 253 323 57,360 137 115 18.9


2-1 16.4 240 350 49,160 118 93 20.1

2-2 14.7 194 230 38,200 136 112 18.7

2-3 16.0 224 312 79,020 148 123 17.8

2-4 16.0 231 324 47,560 121 97 21.4

2-5 15.1. 223 277 48,690 136 110 20.0


3-1 17.8 181 315 55,620 126 102 21.2

3-2 13.5 187 187 26,650 129 103 20.6

3-3 16.6 167 233 51,410 140 120 20.4

3-4 13.9 198 209 22,09) 117 87 21.9


Average	 15.8 210.9 286 50,210 132 108 260.5

+1.2 +24.7 +54 ~15,200


This table shows the considerable variability between trea trnen t areas.


Average stand basal area ranged from 1 87 to 3 62 f t 
2
lac. Standing volame 

varied from 22,09) to 79,020 bd ft/ac. Sim il arly si te qual i ty rang ed from 87


to 123 feet in 50 years. Because of the variab ility in si te and stocking,


residual basal area levels were based on the removal of a percent of existing 
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basal area rather than common absolute levels.


2. 1983 Harvest Levels 

Table 3 shows the proro rtion of basal area rem ov ed in each treatment


area.


Table 3: Comparison of desired~ actual harvest levels


Treatment BA b efo re BA after Percent Desired

Area harvest harv est BA removed cut


(ft2/ac) (ft2 / ac) (%) 
1-1 293 176 40 30 
1-2 362 191 47 40 
1-4 323 261 19 20 

2 -1 350 261 25 30 
2-2 230 156 32 40 
2-3 312 256 12 20 
2-4 324 161 44 50 

3 -1 315 120 36 30 
3-2 127 117 37 40 
3-3 233 136 41 50 
3-4 209 121 24 20 

This table indicatesdifferencesbetweenthe percentof basal removed and 

the desired proro rtion to be cut. These differences could be due to four main 

factors: 1) difficulty in marking to a precise target harvest, 2) allowances 

for 7 percent harvest of damaged trees which mayor may not have occurred, 3) 

trees marked but not cut due to falling difficul ties, and 4 ) estimates of 

basal area removed being based on re-examination of permanent plots after har

vest. This approach is not vlell-suited to evaluating group selection where an 

accurate estimate of the harvest cut would require the prorortion of permanent 

plots falling in group cuts to be exactly the same as the prorortion of basal 

area removed . The probability of nearly all the group cuts falling on per

manent plots is equal to the probability of nearly all the group cuts falling 

between the permanent plots. 
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3. Stand Prescriptionsand Growth P rO,jections 

A.	 IndividualTree Selection


1) Treatment Area 1 -1


Removing 30% of existing basal area. 

.Figure 3a shows the diameter distribution of the stand before and after 

the 1983 harv est and the desired distribution reflecting the specified q

factor, size of largest tree, and residual growing stock level. 
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Fi g. 3a. Treatment 1-1,1983 harvest	 Fig. 3b. Treatment 1-1,

10-year harvest after regulation.


Differences between the desired distribution and the distribution after 

harvest reflect the same factors mentioned on page - plus the deliberate mark

ing of trees in the lower diameter classes which h9.d slow growth rates, poor 

fonn, and low live-crown ratios. 

Using the CRYPTOS growth model, stand growth and proj ected harvests were 

simulated until the stand was fully regulated. Al though in the 198) harvest 
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40 percent of the basal area was estimated as being cut rather than the 

desired 30%, the proj ec tion reverts back to 30 percent at the third entry. 

Table 4 shows the harvest sequence required to achieve the regulated cond i

tion. 

Tab1 e 4: Harves t sequence in treatment.!.. -1.. during conversion period. 

BA Volume 
Year Be fo re After HarvestBefo re2 After---eft /ac)--- ---(bd ft/ac)--- (bd ftl ac) 
1983 293 177 57,630 35, 120 22,500 
1993 221 205 53,520 36,000 17, 500 
2003 255 200 54,500 38,600 15,9)0 
2013 251 201 51, EOO 37,300 14, 500 

Each harvest removes the least vigorous trees in each size class subj ec t 

to achieving the desired diameter distribution (Figure 3a) and a basal area of 

200 ft2 lac. 

After harvest in year 2013, treatment area 1-1 ,..ill contain a stand wi th 

the desired number of trees ir. each size class ca:r;able of providing a sustain

able yield. This si tua tion is illustrated in Figure 3 b. The shad ed portion 

in this figure shows the proportion of trees in size classes >11 inches dbh 

which are harvested in order to return the stand to the desired dial'lleter dis

tribution. 

The lO-year harvests in the regulated stand are shown in Table 5. 

Table 5: -year harvest in treatment l-1.. after re!Ulation. 

Stand ing Harv est 
dbh Trees BA Volume Volume 
(in) lac (ft2/ac) bd ftl ac) (bd ftl ac) 

Be fo re Ha!'" es t 14.3 298 263 51 ,500 
After Harvest 13.5 283 200 35, mo 1 6, 500 
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2 ) T rea tIren t A rea--- 1 -2 

Removing 40 percent of existing basal area. 

vest 

Figure 4a shows the diameter 

pI us the desired distribution. 
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Fig. 4a. Treatment 1-2, 1983 harvest	 Fig.4b. Treatment 1-2, 
10-year harvest after regulation. 

Table 6 shows the harvest sequence required to achieve the regulated con

di tion. 

Table 6: Harvest seauence in treatment 1-2 during conversion Deriod. - - - -	 """'--

BA Volume 
Year Be fo re After Be fo re After Harvest 

2

---ft /ac--- --- bd ft/ ac--- (bd ft/ ac) 

1983 362 191 68, 84 0 34,950 33,890 
1993 222 232 46,700 46,200 1 6, 500 

2003 260 236 59,200 45,200 14,200 
2013 275 235 60,goO 43,800 17,100

2023 270 235 55,600 40,000 1 5, 600


The desired residual basal area after each simulated harvest is about 235 
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ft 2lac. By the year 2023, the deficient number of trees in size classes <17 

in dbh will be replenished by ingrowth. The frequency distribution and 10

year growth at the time of regulation in the year 2023 is shown in Figure 4 b. 

The 10-year harvests of the fully-regulated stand after the year 2023 are 

shown in Table 7. 

Tab I e 7: 1.Q.-year harvest in treatment .l.- after regulation 

Stand ing Harvest 
dbh Trees Volume Volume

B!
(in) lac (ft ac) (bd ftl ac) (bd ft/ac) 

Be fo re Harv est 14.9 302 291 55,600 
After Harvest 12.6 240 234 40,400 15, 200 

3 ) T rea tmen t Area .l.-;2.. 

This treatment area included an old tr ail which, late in the study, 

b ec ame a poli tically-sensi tive issue. At the time of timber falling, a deci

sion was made to exclude the northeast 1/3 of the area above the road from the 

pr 0j ec t . Dclr ing the s~~mer of 1984, this lower area will be surveyed, addi

tional permanent plots will be installed, and determination made of stand ing 

volu<~e 1983 harvest, and projections of future gro~d;h and yield. 

4) Treatment Area 1-4 

Removing 20 percent of existing basal area. 

Figure 5a shows the diarneter distribution before and after the 1983 har

vest pI us the desired distribution. 
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10-year harvest after regulation.


Table 8 shows	 the harvest sequence required to achieve the regulated con

dition: 

Tab 1e 8: Har sequence in treatment 1..-i during conversion iod. 

BA Volume 
Year Be fo re After Be fo re After Harv es t 

2 --- ft I acu- --- bd ftl acu- (bd ftl ac) 
1983 323 267 57,400 47,700 9,700 
1993 309 259 64,300 50, saO 13,400 
2003 300 252 60, 200 45,000 15, 200 

After the stand is fully regulated in year 2003, the 10-year growth will 

be as shown in Figure 5 b. 

The 10-year harvest after the year 2003 is shown in Table 9. 
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Table 9: -year harvest in treatment -i after re€!Ulation. 

Stand ing Harvest 
dbh Trees A Volume Volume 
(in) lac (ft lac) (bd ftl ac) (cd ftl ac) 

Be fo re P.arvest 15.0 330 314 62 , 300 
After P.arvest 13. 5 265 253 43,500 18, 800 

B. ~ Selection 

The management of treatment areas 2-1 through 2-4 involves the periodic 

harv esting of trees in a mosaic of 1/2-acre groups. The harvesting of each 

group establishes a new age class which remains unthinned until it is mature 

and harvested. The number of groups cut in one harvest defends on the pro}X)r

tion of basal area that is required to be cut. At each entry, a new set of 

groups is cut and a new age class develored un til the stand develops in to a 

fully regulated condition. The residual basal area after each entry is an 

average of all group types wi thin the stand, varying from unstocked to fully 

stocked. 

1) Treatment Area 2-1 

Removing 30 percent of existing basal area. 

The presc ription called fo r a red uc tion in stand basal area from 350 

ft2 Iac to 240 ft 
2

lac. This was accomplished by harvesting 12 112-acre groups 

which to taIled 30 percent of the area. 

To achieve a regulated stand with a 10-year cutting cyc 1e and 240 ft2 

basal area, CRYPrOS projections indicated a need for 12 entries creating 12 

group types of equal area. Figure 6 shows the frequency and the proj ec tion of 

growth over a subsequent 10-year period. The distribution is no t a regul ar 

J -shaped curve because no thinning vrill take place between the groups. 
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Table 10 shows the stand charac teristic sand volul'lle harvested over the


entire stand every 10 years to achieve the fully-regulated condition in year


2093.


Tab 1e 10: Harvest seauency in treatlT'ent -l..during conversion period. 

Stand ing Harvest 
Area BA Volume Volume 
Cut Befo re Af t e r Be fo re After 

Year (ac) ( ft c:/ ac) (td ft/ac) (bd ft/ac) 
1983 6. CO 350 262 49,200 34,400 14,000 
1993 1. 67 300 248 46,300 38, goO 7,400 
2003 1. 67 295 260 49, goO 43,300 6,600 
2013 1. 67 307 268 55,000 46, goO 8,100 
2023 1. 67 314 272 58, BOO 49, 100 9,700 
2033 1.67 316 271 61 ,300 50, 100 11,200 
2043 1. 67 314 266 62 , 300 49, 600 12, BOO 
2053 1. 67 309 257 61 ,800 47,400 14, 400 
2063 1. 67 299 245 59,600 43,600 16,000 
2073 1. 67 285 242 57,000 39,400 17, 600 
2083 1.67 270 234 50, 700 42,200 8,500 
2093 1. 67 275 237 53, 500 43,600 9, goO 

The requirement of removing 30 percent of existing basal area in the 1983 
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harv est resul ts in a large harvest cut in that year. In subsequent years, 

1.67 ac are cut in each entry. Harvests drop in the second en try and then 

grad ool1y increase due to the continued growth of the uncut portion of the 

stand. The harvest in year 2073 removes the last 0.70 ac from the u..'1cut stand 

and 0.98 ac from the 6 ac group type regenerated after the 1983 harvest. In 

the year 2083, harvests ..."ill be entirely from regenerated group cuts, conse

quently volumes drop appreciably to the stable yield levels of the regulated 

stand. 

Table 11 shows the condition of the stand after regulation. It contains 

12 group types each occupying 1.67 ac. 

'rable 11: Harvest sequence in treatment ~ ~-l.. after regulation. 

Group Age dbh TPA Vol. 

Type (yrs) (in) (ft ac) (bd ft/
-----

ac) 

1a - - - 
2 10 3.2 272 16 
3 20 7.6 233 74 1,900 
4 30 10. 5 219 132 7,500 
5 40 12.7 208 184 15,900 
6 50 14.6 200 231 26,900 
7 60 16. 1 193 274 39,900 
8 70 17.6 187 315 54, 400 
9 80 18.8 182 353 69,800 

10 90 20.0 178 389 85, 900 
11 100 21. 1 174 424 102,200 
12 110 22.2 170 456 118,600 

Harvested Group Type

1 b 120 23. 1 167 488 134,900 

Avg* 13.7 214 237.3 237 

1a Description of group type 1 after harvest. 
1b Description of group type 1 before harvest. 
*	 Description of the average stand after harvest 

(excludes group type 1b) 

The to tal volume harvested is determined by m:li tiplying 1,67 ac harvested 

by the volume per ac in the particular group type. The average volume removed 

per ac will be 43,600 td ft! ac. 
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2 ) Treatment Area 2-2 

Removing 40 percent of the basal area. 

This harvest was done by cutting 40 percent of the area in 15 1/2 ac 

groups. 

CRYPrOS projections indicate that a fully- reg ul a ted cond i tion can be 

obtained in 7 entries, each removing 2.67 ac of group cuts. Table 12 shows 

the condition of the stand at each 10-year entry to the year 2043 when regula

tion is an tic ipa ted . 

Tab 1e 12: Harvest sequency in treatment - during conversion period. 

BA Stand ing 
Area Volume Harvest 
Cut Be fo re After Be fo re After Volume 

Year (ac) (ft21 ac) ('cd ft I ac ) ('cd ftl ac ) 
1983 7.50 230 156 38,200 25,100 13,100 
1993 2.67 194 128 37, 700 23,900 13, 800 
2003 2.67 169 12e. 32, 000 22,400 9,600 
2013 2.67 173 128 31,000 19, 100 11 , 900 
2023 2.67 176 126 28,000 13, 900 14,400 
2033 2.67 169 134 20,100 15, 000 5,100 
2043 2.67 183 140 25,200 17, 500 7,700 

After the stand is fully regulated, it will consist of 7 group types wi th 

the characteristics shown in Table 13. 
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Table 13: Har sequence in treatment 3. - after regulation. 

Group Age dbh TPA BA Vol. 

Type (yrs) (in) ( ft 2 / ac) (td ft/ac) 
la - - - 
2 10 3.2 272 16 
3 20 7.9 233 79 2, 500 
4 30 10.9 218 141 9,600 
5 40 13.2 207 198 20,500 
6 50 15. 2 199 251 36,000 
7 60 16. 9 192 300 54,000 

Harvested Group Type 
1b 70 18.5 185 345 70, 200 
Avg* 9.6 188 140 17, 500 

la Descriptionof group type 1 after harvest. 
It Description of group type 1 before harvest. 
*	 Description of the average stand after harvest 

(exclud ing group type 1b). 

At	 the conclusion of each 10-year period, ISroup type 1b (age 70 yrs) will 

be	 removed involving a harvest of 2.67 ac carrying 70,200 bd ft/ ac. The diam

eter distribution of the regulated stand before and after harvest is shovm in 

Figure 7. 
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Fig. 7. Treatment 2-2. 
10-year harvest after regulation. 
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3 ) T rea bent Area ~-l 

Remov ing 20 percent of existing basal area. 

The 1983 harvestwas done by cutting 20 percent of the area in 7 1/2 ac 

groups. 

CRYPrOS projections indicate that a fully-regul ated condi tion can be 

obtained in 10 entries, each entry after 1983 removing 1/10 of the total area 

0 r 1 .78 ac. Table 14 shows the condition of the stand at each 10-year en try 

to the year 2073 when full regulation is anticipated. 

Table 14: Harvest seauence in treatment -l durin conversion period. 

Stand ing Harvest 
BA Volume Volume 

Cut Be fo re After 
Year Ee fo re2 After

(ac) (ft / BC) (bd ft/ ac) ('cd ft / ac ) 
1983 3.50 312 256 79,000 63, 600 15,400 
1993 1. 78 297 240 85, 000 68, 500 16, 500 
2003 1.78 263 245 85, SOO 73 , 700 12, 200 
2013 1.78 2SO 248 91,300 76, 600 14, 700 
2023 1. 78 298 253 94, 400 77 , 000 17, 400 
2033 1. 78 303 254 95, coo 75,000 20,000 
2043 1. 78 305 252 92, EDO 70,100 22,700 
2053 1. 78 304 248 88,300 63,000 25,300
2063 1. 78 300 242 81 , 600 53,600 28,000 
2073 1. 78 297 247 72 , 700 56,500 16,200 

After the stand is fully regulated, it will consist of 10 group types 

with the characteristics shown in Table 15. 
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Table 15: Harvest sequence in treatment -2-. after refulation. 

Group Age dbh TPA A Vol. 
Type (yrs) (in) ( ft <::I ac ) (bd ftl ac ) 
1a 
2 10 3.2 272 16 
3 20 8.3 232 87 3,700 
4 30 11. 6 217 159 13, SOO 
5 40 14.2 206 226 29,400 
6 50 16.3 198 288 50,400 
7 60 18.2 1SO 345 74, 000 
8 70 19.9 184 400 101 , sao 
9 80 21. 5 179 451 131 , C'OO 

10 SO 22.9 174 299 161 , 600 
Harvested Group Type 

1b 100 24.2 170 546 192 , EOO 
Avg'* 13.6 212 247 56, 600 

1a Description of group type 1 after harvest. 
1t Description of group type 1 before harvest. 
'* Description of the average stand after harvest 

( ex cl ud ing group type 1b) . 

At the conclusion of each 10-year period, group type 1b (age 100 yr) will 

be removed involving a harv est of 1.78 ac carrying 192,000 cd ftl ac. The 

diameter distribution of the regul ated stand cefo re and after harvest is shown 

in Figure 8. 
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Fig. 8. Treatment 2-3 
10-year harvest after regulation. 

4) Treatment Area 2-4 

Removing 50 percent of the basal area. 

The 1983 harvest was done by cutting 50 percent of the area in 21 1/2 ac 

groups. 

CRYPrOS proj ec tions ind icate that a fully- reg ul a ted cond i tion can be 

obtained in 8 entries, each entry after 1983 removing 2.67 ac. Table 16 shows 

the condition of the stand of each 10-year entry to the year 2053 when full 

regulation is anticipated. 



- 23 -


Table 16: Harvest sequence in treatIrent -i during conversion period. 

Stand ing Harvest 
Area BA Volume Volume 
C:lt Be fo re Aft e r 

Befo re2 After
Year (ae) (ft lac) (Cd ftl BC) (bd ftl BC) 
1983 10. 50 324 261 47,600 37,400 10,200 
1993 2.67 300 142 50,900 22, 900 22,000 
2003 2.67 128 136 30,000 20,200 9,EOO 
2013 2.67 184 136 27,300 15, 300 12,000 
2023 2.67 186 125 24, 900 10, 700 14,200 
2033 2.67 173 143 18,200 13, 200 5,000 
2043 2.67 190 154 23, 700 18,200 5,500 
2053 2.67 201 159 26, 700 20, 100 7,500 

After the stand is fully regulated, it 'tlill consist of 8 ('roup types wi th 

the characteristics shown in Table 17. 

Table 17: Harvest sequence in treatu'ent ~-1.after regulation. 

Group Age dbh TPA A Vol. 

Type (yrs) (in) ( ft LI ac) (bd ftl ac) 
1a - - - 
2 10 3.2 272 16 
3 20 7.7 233 76 2,100 
4 30 10.7 219 136 8,100 
5 40 13.0 208 190 17,400 
6 50 14.9 200 241 29, 600 
7 60 16.5 193 288 44,000 
8 70 18.0 187 331 60, 000 

Harvested Group pe 
11; 80 19.3 182 372 77 , 300 
Avg* 11. 3 229 159 20,100 

1a Description of group type 1 after harvest. 
1b Description of group type 1 before harvest. 
* Description of the average stand after harvest 

( exclud ing group type 11:;,). 

At the conclusion of each 10-year period, group type 1b (age 80 yr) ..i.ll 

be removed involving a harvest of 1.67 ac carrying 77.300 bd ftl ae. The diam

eter distribution of the regulated stand before and after harvest is shown in 

Figure 9. 
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Fig. 9. Treatment 2-4, 
10-year harvest after regulation. 

C. Group Selection with Thinning Between Groups 

Thinning between groups at each entry permits more in tensiv e manag emen t 

and the maintenance of stands with higher vigor. In each treatment, half of 

the basal area to be harvested was allocated to 1 /2 ac group cuts and the 

other half to individual tree selection between the groups. 

Because of the more intensive procedure, including pre- commerc ial thin

nings in the regenerated groups, the sprouts coming from harvested redwood 

stumps and natural regeneration of Douglas- fir were both an tic ipa ted as 

developing into vigorous ing rowt h. Consequently, 40 red ..lOod sprouts per ac 

and 10 Douglas-fir seedlings per acre were added as ingrowth after each 10

year entry. Growth of the ingrowth was reduced during the first decade prior 

to precommercial thinning to 75 percent of normal for redwood and 60 percent 

for Douglas- fir to account for competitive effects of the overstory. Growth 

projection, ingrowth, 3.nd harvests are projected until the accumulated average 
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basal area eq;1als the desired level.


1) T rea tmen t A rea l-!.. 

Removing 30 percent of existing basal area.


The 1983 harvest was done by c;1tting 15 percent of the basal area ;1sing


1/2 ac groups, and 15 percent of the basal area using individual tree selec


tion between the groups. Fig;1r e 10a shows the distribution of diameters


before and after the 1983 harvest and the desired J-shaJ:ed distribution of the


regulated stand.
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Fig. 10a. Treatment 3-1, Fig.10b. Treatment 3-1,

1 983 harv est. 10-year harvest after regulations.


Using the CRYFTOS model, growth and proj ec ted harv ests were simulated 

until the stand was fully regulated. Table 18 shows the condition of the 

stand at each 10-year entry to the year 2083 when regulation is anticipated.
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Table 18: Harvest sequence in treatment l during conversion period. 

Year 

1983 
1993 
2003 
2013 
2023 
2033 
2C43 
2053 
2063 
2073 
2083 

Area 
Cut 
(ae) 
3.00 
1.93 
1.93 
1. 93 
1.93 
1. 9'3 
1.93 
1.93 
1. 93 
1.93 
1. 93 

BA 

Befo re2 After 
(ft lac) 

315 180 
213 217 
257 214 
256 214 
254 210 
253 208 
250 203 
247 203 
251 202 
257 207 
270 211 

Stand ing 
Volume 

Be fo re Aft e r 
(cd ftl ac) 

55, 600 31,600 
43,100 41,200 
53, 700 42,600 
53, sao 43,600 
54, 000 43,200 
54, 000 43, 600 
54, 100 42, 700 
53, 800 42, 100 
50,100 40,600 
52, 800 45,300 
49,000 37,400 

Harvest 
Volume 

(cd ftl ac) 
24, 000 

1, saO 
11,100 
10,300 
10, 800 
10,500 
11 , 400 
11,600 

9, 500 
7,400 

11 , 600 

After the stand is fully regulated, (figure 10b) it will consist of 11 

group type s wi th the charac teristic s shown in Tabl e 19. 
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Table 19: Stand condition in treatment 1-.!..before and 
after harvesting regulation. 

Group Age dbh A Vol. Vol Cut 
Type (yrs) Sta tus (in) TFA (ft / ac) (td ft/ ac) (00 ft/ ac) 
1a a After - - - - 133,700 
2 10 Be fo re 3.2 272 16


After 3.2 272 16

3 20 Be fo re 7.8 232 76 2, 700


After 7.8 232 76 2,700

4 30 Be fo re 10.7 21 6 136 9,100


After 10.7 21 6 126 9,100

5 40 Be fo re 13. 1 208 192 19,300


After 1 5.4 134 173 18, 300 1,000 
6 50 Be fo re 15. 1 181 226 30, 900 

After 18.0 118 209 29,200 1,700 
7 60 Be fo re 16.8 166 257 43,300 

After 19. 5 114 237 40,700 2, 600 
8 70 Be fo re 18.1 160 286 56, 000 

After 18.8 138 266 54, 000 2, 000 
9 80 Be fo re. 17.0 212 336 71 , 900 

After 1 6.9 202 31 6 68, 100 3,800 
10 90 Be fo re 18.9 208 407 88,300 

After 1 9. 1 195 387 84, 500 3,800 
11 100 Be fo re 20.3 231 520 108,400 

After 20.4 221 504 104, 300 4,100 
Harvested Group Type

1b 110 Be fo re 22.0 258 683 133,700 
Avrf' After 13.6 167 211 37,400 13, SOO 

1a Description of group type 1 after harvest. 

* 
1b Description of group type 1 before havest. 

Description of the average stand after har-fest. 

At the conclusion of each lO-year period, group type 1b (at age 110 yr) 

will be removed involving a harvest of 133,700 td ft/ac. In addition, thin

ning will remove between 1,000 and 4,100 td ft/ac from group types 5 through 

11. Expressed in term s of the entire treatment area, the average volume 

removed over the 21.2ac stand each 10-year en try will average 13,900 td 

ft/ ac . 

2) Treatment Area 1-~ 

Removing 40 percent of existing basal area. 
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The 1933 haryest remoyed 20 percent of the basal area using 1/2 ac groups 

and 20 percent	 "J.sing indiyidual tree selection between the gro"J.ps. Figure 11a 

shows the distribution of diameters before and after the 1983 harvest and the 

desired J -shaJ:ed distribution of the regulated stand. 
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Fig. 11a. Treatment 3-2, Fig. 111:. Treatment 3-2,

1983 harv est. 10-year harvest after reg;;.lation.


Using CRYPrOS,	 growth and projected harvests were simul ated until the 

stand was fully regulated. Table 20 shows the condition of the stand at each 

10-year entry to the year 2043 when regulation is anticipated. 

http:gro"J.ps
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Table 20:	 Harvest sequence in treatment l- during conversion period. 

Stand ing Harvest 
BA Volume Volume 

Cut E€ fo re After
Be fo re2 AfterYear (ac) (ft / BC) (bd ft/ Be) (bd ft/ ac) 

1983 4.00 187 117 26, 600 16, 800 9,200 
1993 2.94 151 107 26, 600 17, 100 9,500 
2003 2.94 140 98 23, 000 15, SOO 7,200 
2013 2.94 133 97 20,400 13, 800 6,600 
2023 2.94 135 100 20,200 13, 400 6, coo 
2033 2.94 153 112 20, SOO 13, 200 7,700 
2043 2.94 159 114 21,400 13, 200 7,600 

After the stand is fully regulated (Figure 11b) it will consist of 

group types wi th the characteristics shown in Table 21. 

Tab 1e 21:	 Stand condition in treatment l-~ 1:efore and after harvesting after 
regulation. 

Group Age dbh B). Vol. Vol Cut 

'l'ype (yrs) Sta tus (in) TFA ( ftac) (cd ft/ ac) (td ft/ ac) 
1a 0 After - - - - 53, SOO 
2 10 Be fa re 3.2 272 16 

After 3.2 272 16 
3 20 Be fo re 7.2 232 77 2,700 

After 7.8 232 77 2, 700 
4 30 Be fo re 10.8 21 6 137 9,500 

After 10.8 216 137 9,500 
5 40 Be fa re 13.2 205 194 19, SOO 

After 1 5.7 124 167 12, 300 1,600 
6 50 Be fa re 15.3 172 220 30, SOO 

After 1 7.9 108 1SO 27, 600 3,300 
7 60 Be fo re 16. 9 154 238 41,600 

After 21. 4 84 209 28, 300 3, 300 
Harvested Group Type 

11: 70 Be fa re 16.9 131 255 53, SOO 
Avg* After 11.0 148 114 13, COO 8, SOO 

1a Description of group type 1 after harvest. 
1b :Description of group type 1 before harvest. 
* Description of the average stand after harvest. 

At the conclusion of each 10-year p€riod, group type 1b (age 70 yr) will 

be harvested involving the removal of 53, SOO bd ft/ ae. In addition, thinning 

will remove between 1,600 and 3,300 bd ft/ ac from group type s 5 through 7. 

The average volume removed over the wTIole 20.6 ac of tohe treatment area each 

7 
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10-year entry will average 8, saO bd ft/ ac. 

3) Treatment Area l-l


Removing 50 percent of existing basal area.


The 1983 harvest removed 25 percent of the basal area using 1/2 ac groups 

and 25 percent using individual tree selection between the groups. Figure 12a 

shows the distribution of diameters before and after the 1983 harvest and the 

desired J -shaped distribution of the regulated stand. 
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Fig. 12a. Treatment 3-3, Fig. 12b. Treatment 3-3, 
1 983 harv est. 10-year harvest after regul ation. 

Using CRYFTOS, growth and proj ec ted harvests were sim ul a ted u.."lt il the 

stand was fully regulated. Table 22 shows the cond i tion of the stand at each 

10-year entry to the year 2043 when regulation is anticipated. 
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Table 22:	 2-l durin Stand condition in treatffient conversion period.


Stand ing Harvest 
Area BA Volume Volume 

Year Cut Ee fo re After 
Before2 After


(ac) (ft lac) (Cd ft/ac) (bd ft/ ac)


1983 5.00 233 136 51,400 30,400 21,000 
1 993 2.91 171 100 46,600 23,300 23, 300 
2003 2.91 133 92 31 ,500 19,400 12,100 
2013 2.91 130 Of 27,100 15,700 11,400 
2023 2.91 130 88 23, mo 12, mo 11,000 
2033 2.91 134 100 21,500 13, 000 7, 700 
2043 2.91 147 118 27,400 17,600 9,mO 

'7

After the stand is fully regulated (Figure 12b) it will consist of I 

group types wi th the charac teristics shown in Table 23.


Table 23:	 Stand condition in treatr.:entl-l before and after harvesting after

regulation.


Group Age dbh A Vol. Vol Cut 
Type (yrs) Sta tus (in) TPA ( ft <-/ ac) (td ft/ ac) (bd ft/ac) 

u

1a 0 After - - - - 70, mo 
2 10 Be fo re 3.2 272 16


After 3.2 272 16

3 20 Be fo re 8.2 232 85 3,500


After 8.2 232 85 3,500

4.	 30 Be fo re 11. 4 217 155 12, SOO 

After 13.9 11 9 127 11,600 1,300
c:;
-' 40 Be fo re 14.5 167 1SO 25,300 

After 1 7. 1 100 161 22,400 2, SOO 
6 50 Be fo re 16.6 146 218 39, 200 

After 23.2 65 189 35,400 3, 700 
7 60 Be fo re 19.7 114 241 54, 600 

After 1 9.4 108 222 50,100 4,500 
Harvested GroupType 

1b 70 Be fo re 19.0 144 282 70, mo 
Avg* After 12. 1 128 118 17, 600 11 , SOO 

1a Description of group type 1 after harvest. 
1b Descriptionof group type 1 before harvest. 
* Desc riptionof the average stand after harvest. 

At the conclusionof each 10-year period, group type 1b (age 70 yr) will 

be harvested involving the removal of 70,000 bd ft/ ac. In addition, thinning 

will remove between 1,300 and 4,500 bd ft/ac from group type s 5 through 7. 

The average volume removed over the whole 20.4 ac of the treatment area each 



- 32 

10-year period will average 11,9)0 td ft/ac. 

4) T rea trr:en t Area 2-1. 

Removing 20 percent of existing basal area. 

The 1983 harvest removed 10 percent of the basal area using 1/2 ac groups 

and 10 percent using individual tree selection between the groups. Figure 13a 

shows the distribution of diameters befo re and after the 1983 harvest and the 

desired J-shaped distribution of the regulated stand. 
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Fig. 13a. Treatment 3-4, Fig. 13b. Treatment 3-4,

1983 harv est. 10-year harvest after regulation.


Using CRYPrOS, growth and projected harvests were sim ul a ted until the 

stand was fully regulated. Table 24 shows the condition of the stand at each 

10-year entry to the year 2083 when regulation is anticipated. 
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Table 24: Harvest seouence l..!} treatment l-i during conversion period. 

Stand ing Harvest 
Area BA VoL1!!le Volume 

Year Cat Be fo re After
Befo re2 After

(ae) (ft I ae) (cd ftl ae) (bd ftl ae) 
1983 2. CO 209 121 22,100 11, saO 10,200 
1993 2.00 141 142 16, 400 17,100 400 
2003 2.00 169 136 22, sao 17, 300 5,600 
2013 2.00 164 133 22,200 17, 100 5,100 
2023 2.00 161 129 22, 700 17, 500 5,200 
2033 2. CO 159 127 22,600 17, 300 5,200 
2043 2. CO 157 125 23, COO 17, 200 5,200 
2053 2.00 157 125 23,500 17, sao 5, 600 
2063 2.00 158 127 23, 200 18, 000 5, c'OO 
2073 2.00 163 132 24,400 18, saO 5,500 
2083 2.00 208 164 32, 700 25, 000 7, 700 

After the stand is fully regulated (Fig 13b) it will consist of 11 group 

types wi th the eharae teristiesshown in Table 25. 
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Table 25: Stand condition in treatment l-i "before and after harvesting -after
regulation. 

Group Age dbh A Yol. Yol Cut 
Type (yrs) Status (in) TPA (ft / ac) (td ft/ac) (td ft / ac ) 
1a 0 After - - - - 81 , 400 
2 10 Be fa re 3.2 272 16 

After 3.2 272 16 
3 20 Be fo re 7.4 232 69 2, COO 

After 7.4 232 69 2, COO 
4 30 Be fo re 10. 1 216 121 6, SDO 

After 10.1 21 6 120 6, SOO 
5 40 Be fo re 12.3 204 168 14, COO 

After 14.4 133 151 13,200 800 
6 50 Be fo re 14.2 180 197 22, COO 

After 1 6.7 117 179 20,300 1,700 
7 60 Be fo re 15.8 163 221 30,200 

After 1 9.3 98 201 28, 600 2, 600 
8 70 Be fo re 17.4 145 240 39, 400 

After 22. 1 82 22C 37,200 2, 200 
9 80 Be fa re 18.9 132 258 58, SOO 

After 19. 3 117 2""'0// 46, 600 2,400 
10 9] Be fa re 18.5 154 286 58, 9]0 

'After 18.3 148 266 55 , COO 3,9]0
11 100 Be fa re 18.9 184 358 68, SOO 

After 18.7 179 337 65,200 3,700 
Harvested Group Type

1b 110 Be fa re 19.6 214 451 81 , 4CO 
Avg* After 13.6 145 164 25, COO 9, COO 

1a Description of group type 1 after harvest. 

*
1b Description of group type 1 tefore harvest. 

Description of the average stand after harvest. 

At the conclusion of each 10-year period, group type 1b (age 110 yr) will 

be harvested involving the removal of 81 ,400 td ft/ac. In addition, thinning 

will remove between 800 and 3,700 bd ft/ac from group types 5 through 11. The 

average volume removed over the iOhole 21.9 ac. of the treatment area each 10

year period will average 9,COO td ft/ac. 
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4. Con:parison ~ Alternative Prescriptions 

The objective of the study was to achieve particular levels of resid 001


stand basal area by methods that create markedly different stand structures.


The al ternative prescriptions have different charac teristics from an 0 pe r a


tio nal and sil v ic ul tur al stand po in t.


1. Individual Tree Selection


It was assumed that adequa te regeneration would occur and that 70 redwood


sprouts and 40 Douglas-fir seedlings per acre vlould become established after


each 10-year entry. Because of com}:€tition from neighboring trees, growth of


was red uc ed
the regeneration by 50 pe rc en t No pre- commerc ial thinning of
.


redwood sprouts was prescr:.bed.


The time required to convert stands to a fully-regul ated condi tion was


short, only 20-40 years. This results in little fluctuation in yields during


the conversion period.


2. Group Selection


To c rea te the sim pI est possible struc ture, the presc ription did not


incorpo rate any thinnings within or between the groups. This resul ts in the


developnent of high basal areas and marked mortality in the regenerated groups


with inc reasing ag e. The groups were ass:.h'1ledto be regenerated wi th 350 con


ifers per acre - 75% redwood sprouts and 25% Douglas-fir seedlings.


Using this prescription, stands will consist \?f a series of ev en- ag ed


group types. Each group type has a typical bell-shaped distribution of diame


ter classes. The entire treatment area however would have a diameter distri


bution sim il ar to a J-shaped curve. The diminution quotient will differ
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somewha t from the desired q = 1.2 due to the struc t:lre c rea ted by ev en- ag ed 

groups. 

Operationally the group sel ec tion presc ription has several advantages. 

The vol :lffie to be harvested is concentrated in space which reduces costs of 

marking and tractor logging. w'here cables are ased, problems may occur in 

securing ad eq:la te tail- ho Ids and in damaging residual trees adjacent to the 

ex trac tion corridors. Harv esting in small groups also fac il ita tes si te 

preraration, regeneration, and brush control. It also permits planting of 

preferred stock. 

CHYPrOS projections indicate wide fl uc tua tio ns in yield dur ing the 

c onv ersion period. This is particularly true when the initial cuts allow 

future harvests to be extended longer in the orig inal stand, allowing more 

time for the regenerated groaps to increase in volame before being included in 

harv est cut s. 

3. Group/I ndi vidual Tree Selection 

This prescription allowed more control over stocking and spacing. Group 

cuts were ass:lffied to regenerate wi th 350 conifers per acre - 75 percent red

wood sprouts and 25 percent I)ouglas-fir seedlings. These groups are presu.TJled 

to be pre-commercially thinned and growth during the first decade was set at 

75 percent of normal for redwood sprouts and 60 percent for wuglas- fir see

d ling s . In the second decade after pre-commercial thinning, growth of all 

regeneration was assumed to eqaal normal growth for the region. Low thinning 

was sc hed ul ed when average diameter of the group type equalled between 11-13 

in (between ages 30-4 0 yr) . After thinning 40 red wood sprout s and 10 

Doug las- fir se ed ling s per acre were added as ingrowth. Growth of these see
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dlings was assumEd to be influenced by comreti tion from neighboring trees and 

reduced by 75 percent for redwood and 60 percent for oouglas-fir comrared with 

growth of regeneration in the group cuts. 

Total yield from these prescriptions was not significantly different from 

the other two systems. However thinning would capture po ten tial mortal ity 

whil e concentrating growth on larger trees. 

I:;
J' Coffiparison ~ Growth 

Table 26 compares the treatment areas in terms of residual growing stock, 

annual growth, and volume growth percent. 

Table 26: Volun:e growth and volun:e growth percent in the regulated stand. 

Treatm en t Resid ual Growing Annual Growth Volume Growth 
Area Stock (bd ft/ ac) (bd ft/ ac) Percent (%) 
1 -1 35, COO 1,650 4.7 
1-2 40,400 1,520 3.8 
1-4 43, 500 1,880 4.3 

2-1 43,600 1,120 2.6 
2-2 17, 500 1,COO 5.7 
2-3 56, 600 1,930 3.4 
2-4 20,100 970 4.8 

3-1 37,400 1, 3SO 3.7 
3-2 13,800 890 6.4 
3-3 17,600 1,1 SO 6.8 
3-4 25, 000 900 3.6 

It can be seen from this table that vol:lIl1e growth increases as resid 001 

growi.ng stock level increases. Conversely, volume grow-th percent decreases as 

resid ual growing stock increases. This relationship is also shown in Figure 

14. 
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Fig. 14. Relation between volume grov,1:h percent 
and residual growing stock level for each prescription. 

Figure 14 also shows that in comparing treatment areas 3-3 and 2-2, which 

have the same residual grov,'i.ng stock (17,500 bd ft/ac) group selection plus 

individual tree selection (3-3) may yield a higher volume than group selection 

(2 -2 ). Also , the value growth of treatment 3-3 was 6 to 8 percent compared 

with 5.7 percent for treatment 2-2. A similar compariso n could be made 

between ind iv id ual tree sel ec tion ( treatment 1-4, 4.3 percent) and group 

selection (treatment 2-1, 2,6 percent) at a common resid ual growing stock 

level of 43,500 bd ft/ac. 

6. Financial Analysis 

In general, a small woodland owner has the choice of: 

a) heavier initial harvest, raising more capi tal, but resul ting in lower 

yields and income in subsequent harvests, or 
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b) lighter initial harvest, raising less capi tal, but resul ting in


greater yields and income in subsequent harvests.


The financial analysis can be divided into two parts:


a) a comparison of present net worth (Pinn of each prescription in terms 

of converting the stand s to a fully-regul a ted sta te. Here, the analysis is


sensitive to the length of the conversion period w~th high FNW being assoc i


ated wi th low resid 001 stocking and short conversion periods.


b) a comparison of FNW 0 f each presc ription in terms of the growth of 

stands after they have been fully regulated. Here, the value of the residual 

growing stock is treated as a sunk cost and not included in the calculation. 

In both analyses the values of FNW are determined by:


vol ume cut per ac re


val ue of resid 001 stand after initial 1983 harvest


cutting cycle


years to reach regulation


discoun t rate


management costs


stumpage rate (includ es falling, skidding, and load ing. aSSUllled to


be $1 50 /i'1BF. and allowed to increase from 4.5% in 1993 to 1.8% in 2033 after


which it was held constant.


Table 27 compares the present net worth for each prescription in 1983 for


the conversion period and for the regulated stand.
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Table 27: P resent net worth for each r;rescription in 1983. 

Treat:lent Vol\.De after Length of ?Iii fo r colIVerUng !'!Iii {or gngate 

area 1983 harvest coaversion to ngulatiol1 r<>«ulated stand F!IV 

dollars! acre rank dollars! acre rank dollars! acre rank
liEF! acre ars 

1-1 41.5 )0 2100 3 lObO 2 31bO 2 

1-2 46.9 40 1891 4 447 3 2338 4 

14 46.5 20 431 10 2232 1 -199 9 

2-1 35.5 110 -551 9 10 10 -541 10 

2 26.3 60 313 6 91 5 1014 6 

2-3 63.2 SO 586 11 31 8 555 11 

24 23.8 70 3168 1 40 7 3200 1 

3-1 33.7 100 1632 5 12 9 1644 5 

3 19.4 60 618 7 62 6 700 7 

3-3 32.7 60 2500 2 110 4 2610 3 

34 15.7 100 557 8 8 11 56; 8 

The aggregate R~W is the net of the mw of a series of entries to conver

sion, and that of a peq:etual series of entries in the regulated state. Due 

to the effects of discounting, PNWfor conversion period has more im:r:ac t on 

the aggregate mw than the mw for the period after regulation. Table 27 

shows that treatments 2-4 (Group selection, removing 50 percent of ex isting 

basal area), 1-1 (individual tree removing 30 percent of the basal area), and 

3-3 (group plus individual tree, removing 50 percent of the basal area) have 

the hig he st ag g reg ate Hn", . In other words, the financial attrac'tiveness of 

the treatments increase with: 1) low residual stocking, 2) heavy initial har

vests, and 3) short conversion periods. 

FUTURE EVALUATIONS 

Silvicul tural analyses based on one entry can only be based on theoreti

cal projections. Simulation models such as CRYPrOS can be used to aid these 

proj ections. Validation of these projections can only be made by collecting 

time-series data. This proj ec t has established an excellent base enabling 

quan ti ta tive comparison of the effec t of al ternativ e presc riptions on g ro wt h 

and yield. Base-line data are also available that will permit an analysis of 

growth of understory vegetation and recovery of areas disturbed by timber har
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vesting.


If at all }X)ssible, the University would like to coo:r:;erate wi th Jackson 

Demonstration Sta te Fo rest in continuing the collection of growth data over 

tim e . Significant information of value to small woodland owners would be 

obtained if gro\';.th on these treatment areas was monitored on a 5-year basis to 

determine the accuracy of CRYPI'as projections. l'\lrthermore, it woul d be 

desirable to periodically harvest the growth on each treatment area in confor

manc e wi th the sc hed ul e d esc rib ed in the CRYPI'as proj ec Hons. If this was 

done, Jackson Demonstration State Forest would have a unique set of case eXaIn

pIes quantifying the outcomes of alternative sil v ic ul tur al presc riptions in 

comparison wi th sim ul ated projections. In addition, the al ternative stand 

struc tures created :r:;ermit comparisons from the stand}X) in ts of 0 ther val ue s 

such as wildlife habitat, aesthetic considerations, watershed protection, and 

growth of understory species. 
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